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Energy Choices That  Europe Faces  : 
A European View of  ~ n e r ~ y  * 
Wolf Hafe l e  
I .  Demand and Supply of  Primary Enerpy 
U n t i l  t h e  f i r s t  i n d u s t r i a l  r e v o l u t i o n  ( abou t  1870) s o l a r  
power was t h e  major s o u r c e  of  pr imary ene rgy .  It was conve r t ed  
i n t o  wood, which i n  t h e  c o n t e x t  c o n s i d e r e d  h e r e  can be l a b e l e d  
a  form of secondary  ene rgy .  The f i r s t  i n d u s t r i a l  r e v o l u t i o n  
t h e n  n e c e s s i t a t e d  t h e  s w i t c h  t o  c o a l  a s  a  pr imary  s o u r c e  o f  
ene rgy ,  which i n  t h e  f i n a l  a n a l y s i s  i s  a l s o  a  form of  s o l a r  
power, o f  cou r se .  Up t o  t h e  middle  o f  t h e  f i f t i e s  domes t i c  
c o a l  was a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s  f o r  a  number o f  
European c o u n t r i , e s  ( e . g .  Germany, England, Belgium) t o  g i v e  
them t h e  s t a t u s  of  energy  s e l f - r e l i a n c e .  A f t e r  t h e  Second 
World War low o i l  p r i c e s ,  t h e  i n c r e a s i n g l y  open market ,  and 
a  c e r t a i n  a g e i n g  of  t h e  c o a l  i n d u s t r y  t o g e t h e r  w i t h  t h e  
: ompara t ive ly  extreme working c o n d i t i o n s  p r e v a l e n t  i n  c o a l  
mining  r e s u l t e d  i n  a  major change.  S i n c e  t h e  end o f  t h e  
f i f t i e s  o i l  ha s  conquered a n  e v e r  i n c r e a s i n g  s h a r e  o f  t h e  
expanding  pr imary  energy  market  i n  t h e  booming economies o f  
Western Europe and e l s ewhere .  
Table  1 i n d i c a t e s  t h i s  development and g i v e s  
t h e  r e l e v a n t  d a t a  f o r  t h e  c a s e  o f  t h e  F e d e r a l  Republ ic  of  
*TO be pub l i shed  i n  a  s p e c i a l  i s s u e  on energy  i n  
S c i e n c e  ( A p r i l  1974) .  Minor e d i t o r i a l  and l i n g u i s t i c  changes 
w i l l  be made. 
Germany. The s h a r e  o f  c o a l  h a s  f a l l e n  f rom r o u g h l y  70% i n  
1957  t o  a v a l u e  as low as 23% i n  1972,  w h i l e  t h e  s h a r e  o f  
o i l  h a s  r i s e n  f rom 11% t o  56% a c c o r d i n g l y .  The a b s o l u t e  
f i g u r e s  show a l e s s  d r a m a t i c  d e c r e a s e ,  which  n e v e r t h e l e s s  
i s  a l s o  s e v e r e .  The s h a r e  o f  o i l  i n  t h e  Community o f  t h e  
S i x  i s  e v e n  h i g h e r .  I t  i s  a t  65% ( 1 9 7 0 ) ,  w h i l e  t h e  c o r r e -  
s p o n d i n g  f i g u r e  f o r  t h e  U.S. i s  a t  43%.  The j rnpor tan t  p o i n t  
i s  t h a t  i n  t h e  c a s e  o f  t h e  U.S. o n l y  a b o u t  1 / 3  o f  t h a t  o i l  i s  
i m p o r t e d  ( o r  1 3 %  o f  t h e  t o t a l  p r i m a r y  e n e r g y  demand) ,  w h i l e  i n  
t h e  c a s e  o f  Europe  p r a c t i c a l l y  a l l  t h e  o i l  i s  i m p o r t e d .  T h i s  
o b s e r v a t i o n  r e v e a l s  a  f i r s t  and  b a s i c  d i f f e r e n c e  be tween  t h e  
e n e r g y  s i t u a t i o n  i n  t h e  U.3.  and Europe .  
T a b l e  2 g i v e s  t h e  consumpt ion  i n  k W / c a p i t a  i n  v a r i o u s  
European  c o u n t r i e s  i n  c o m p a r i s o n  t o  t h a t  o f  t h e  U.S. While  
t h e  p e r  c a p i t a  consumption i n  Europe  p r e s e n t l y  i s  a t  40% o f  
t h a t  o f  t h e  U.S. i t  i s  e x p e c t e d  t o  i n c r e a s e  t o  v a l u e s  a t  6 0 %  
( 1 9 8 5 ) .  By a n d  l a r g e  t h i s  g i v e s  a  f a c t o r  o f  two be tween  t h e  
U.S. and Wes te rn  Europe  and t h i s  e s t a b l i s h e s  a s e c o n d  d i f f e r -  
e n c e  be tween  t h e  e n e r g y  s i t u a t i o n  i n  t h e  U.S. and Europe .  
I t  mus t  be  r e c o g n i z e d ,  however ,  t h a t  t h e  g r o s s  d o m e s t i c  
p r o d u c t  (GDP) p e r  c a p i t a  i n  Wes te rn  Europe i s  much c l o s e r  
t o  t h a t  o f  t h e  U.S. t h a n  i n d i c a t e d  by t h e  r a t i o  o f  t h e  p e r  
c a p i t a  e n e r g y  c o n s u m p t i o n .  T h i s ,  o f  c o u r s e ,  f o l l o w s  a  g e n e r a l  
t r e n d  t o  have  s u c h  h i g h e r  r a t i o s  o f  GDP/kW i f  t h e  l e v e l  o f  
e n e r g y  c o n s u m p t i o n  i s  low. Here ,  I r e f r a i n  f rom g i v i n g  f i g u r e s  
b e c a u s e  t h i s  l e a d s  i n t o  t h e  awkward p r o b l e m  o f  c u r r e n c y  
e x c h a n g e  r a t e s .  It i s  a l s o  i n t e r e s t i n g  t o  c o n s i d e r  t h e  
u s e  o f  s u c h  p r i m a r y  e n e r g y .  F i g u r e s  1 a n d  2  i n d i c a t e  t h e  
s h a r e s  o f  t h e  v a r i o u s  u s e s  o f  e n e r g y  i n  t h e  U.S. and  Germany. 
11. The L i m i t e d  O i l  S u p p l y  f r o m  t h e  M i d d l e  E a s t  and 
P o s s i b l e  S u b s t i t u t i o n  by C o a l  
It h a s  b e e n  e s t i m a t e d  t h a t  t h e  amount  o f  c r u d e  o i l  i n  
9 t h e  M i d d l e  E a s t  i s  a t  3 5 0  1 0  b a r r e l s  o r  2  Q ( 1  Q = lo1' RTU). 
If 430  m i l l i o n  p e o p l e  ( a l l  o f  W e s t e r n  E u r o p e  p l u s  J a p a n )  a t  
1 0  k W / c a p i t a  u s e  o i l  t o  make up 2 / 3  o f  t h a t  amount t h i s  
r e q u i r e s  0 . 0 9  & / y e a r .  T h e r e f o r e ,  t h e  r e s e r v e s  o f  t h e  M i d d l e  
E a s t  w i l l  t h e n  l a s t  f o r  a b o u t  2 3  y e a r s .  If t h e  U.S. p a r t i -  
c i p a t e s  i n  e x p l o i t i n g  t h e s e  r e s e r v e s ,  t h e  p e r i o d  i s  
s h o r t e r  a c c o r d i n g l y .  The a c t u a l  p e r i o d  f o r  t h e s e  r e s e r v e s  
t o  l a s t  w i l l  b e  somewhat d i f f e r e n t  anyway b u t  t h e  f i g u r e  o f  
2 3  y e a r s  c e r t a i n l y  i s  i n d i c a t i v e .  D r .  Khene,  S e c r e t a r y -  
G e n e r a l  o f  t h e  O r g a n i z a t i o n  o f  t h e  O i l  E x p o r t i n g  C o u n t r i e s  
(OPEC), made t h e  o b s e r v a t i o n  [l] t h a t  s u c h  a p e r i o d  i s  t o o  
s h o r t  f o r  t h e  c o u n t r i e s  o f  t h e  M i d d l e  E a s t .  They mus t  make 
u s e  o f  t h e i r  n a t u r a l  w e a l t h  f o r  a s i g n i f i c a n t l y  l o n g e r  p e r i o d .  
D r .  Khene t h e r e f o r e  c o n c l u d e s  t h a t  t h e  o i l  p r i c e  mus t  b e  
r a i s e d  t o  a  l e v e l  t h a t  a l l o w s  o t h e r  p r i m a r y  e n e r g y  s o u r c e s  
t o  e n t e r  t h e  s c e n e  and  t h e r e b y  t o  a l l e v i a t e  t h e  o i l  s u p p l y  
s i t u a t i o n .  
On t h e  g l o b a l  a v e r a g e  c o a l  r e s e r v e s  a r e  a b o u t  f i f t e e n  
t i m e s  l a r g e r  t h a n  o i l  r e s e r v e s  [2 ] .  The n a t u r a l  s u b s t i t u t e  
f o r  o i l  t h e r e f o r e  i s  c o a l .  However,  i n  s o  d o i n g  o n e  mus t  
r e a l i z e  t h e  l a r g e  g e o g r a p h i c a l  d i f f e r e n c e s  of c o a l  r e s e r v e s  
t h a t  occu r .  The U.S. seems t o  have an unusua l ly  l a r g e  
p o r t i o n  o f  t h e  t o t a l  amount o f  c o a l ,  w h i l e  t h i s  i s  no t  s o  
i n  t h e  c a s e  o f  Europe. 
Tab le  3 t r i e s  t o  p o i n t  t o  t h a t  d i r e c t i o n .  For 
r e a s o n s  of comparison a  consumption r a t e  of 1 0  kW/capita  
has  been assumed throughout  t h a t  t a b l e .  The 37 Q o f  t h e  
U.S. t h e r e f o r e  l a s t  f o r  more t han  600 y e a r s  i f  a l l  1 0  kW 
would be p rov ided  f o r  by c o a l .  Again, t h i s  f i g u r e  and t h e  
o t h e r s  i n  t h e  t a b l e  s h a l l  on ly  be i n d i c a t i v e ,  t h e  a c t u a l  
f i g u r e s  canno t  be p r e d i c t e d  s o  e a s i l y .  Eu rope ' s  main c o a l  
r e s e r v e s  a r e  l o c a t e d  i n  Germany and England. I f  t hey  were 
consumed by a l l  c o u n t r i e s  o f  Western Europe a  t ime span  o f  
on ly  36 y e a r s  would r e s u l t ,  which would be i n  s h a r p  c o n t r a s t  
t o  t h e  U.S. f i g u r e .  I f  Germany would consume a l l  t h e  c o a l  
a v a i l a b l e  t o  h e r  i t  would be enough f o r  160  y e a r s .  The 
f i g u r e s  become l e s s  d r a s t i c  i f  c o a l  r e s e r v e s  i n  d e p t h s  g r e a t e r  
t h a n  1200 m a r e  c o n s i d e r e d .  They a r e  g iven  i n  Table  3  i n  
p a r e n t h e s e s .  To c o n t r a s t  t h e  f i g u r e s  f o r  c o a l ,  Table  3 a l s o  
g i v e s  t h e  ones  f o r  domes t i c  o i l  and gas .  I t  i s  obvious  t h a t  
t h e s e  domes t i c  o i l  and gas  r e s o u r c e s  a r e  s i g n i f i c a n t  f o r  a  
much s h o r t e r  t ime pe r iod  only  ( o r  f o r  a  much s m a l l e r  p o r t i o n  
o f  t h e  supp ly  of t h e  primary energy ,  r e s p e c t i v e l y ) .  
I t  i s  t h e r e f o r e  only  n a t u r a l  t h a t  t h e  U.S. p r e p a r e  f o r  
t h e  l a r g e  s c a l e  u s e  o f  c o a l  i n c l u d i n g  i t s  r e l a t e d  r e s e a r c h  
and development  [3]. The p r i n c i p a l  mode o f  such  new uses  
o f  c o a l ,  however, i s  t h e  b u r n i n g  of  c o a l  i n  whatever  form: 
gaseous ,  l i q u i d ,  o r  even s o l i d .  
Can n u c l e a r  energy r educe  t h e  d e g r e e  of  u s i n g  c o a l ?  
One has  t o  r e a l i z e  t h a t  n u c l e a r  power was developed  w i t h  
a n  i n c e n t i v e  t o  p rov ide  e l e c t r i c i t y  t h a t  i s  c o m p e t i t i v e  
w i t h  ( a r t i f i c i a l l y )  cheap f o s s i l  f u e l s  ( 5 0 d / m i l l i o n  BTU 
o r  l e s s ) .  A t  t h e  same t ime t h e  development  of  n u c l e a r  
power was meant t o  a c t  a s  a  t e c h n o l o g i c a l  i n n o v a t o r .  But 
i t  was n o t  t h e  g o a l  t o  s o l v e  t h e  e a r l y  energy  c r i s i s .  A s  
a  r e s u l t ,  now amids t  an  energy  c r i s i s ,  n u c l e a r  power can 
a t  b e s t  t a k e  c a r e  o f  t h a t  p o r t i o n  of pr imary  energy  which 
goes  i n t o  t h e  p roduc t ion  o f  e l e c t r i c i t y .  While a t  p r e s e n t  
t h i s  i s  a t  25% i n  Europe and 20% i n  t h e  U.S. i t  i s  expected  
t o  i n c r e a s e  s t e a d i l y  t o  v a l u e s  a s  h i g h  a s  40% o r  more, 
because  today  one observes  an  annua l  r a t e  o f  i n c r e a s e  a t  
8 %  f o r  e l e c t r i c i t y  wh i l e  t h e  r a t e  of  i n c r e a s e  f o r  pr imary 
energy  i n  g e n e r a l  i s  a t  4 .5% o n l y .  I n  any e v e n t ,  one w i l l  
t r y  t o  e a s e  t h e  s w i t c h  from o i l  t o  c o a l  by s h i f t i n g  t h e  
p r o d u c t i o n  of e l e c t r i c i t y  t o  n u c l e a r  power t o  t h e  l a r g e s t  
e x t e n t  p o s s i b l e .  
Accord ingly ,  t h e  Government o f  t h e  F e d e r a l  Repub l i c  o f  
Germany r e c e n t l y  announced an  energy  p l a n  f o r  t h e  y e a r s  up 
t o  1985.  There n u c l e a r  energy  i s  expec t ed  t o  assume 15% of 
t h e  pr imary  energy  demand, which r e l a t e s  t o  45 GWe. S i m i l a r  
p e r c e n t a g e  f i g u r e s  have been g iven  f o r  t h e  U.S. But c o n t r a r y  
t o  t h e  U.S. i t  w i l l  be d i f f i c u l t  t o  r a i s e  t h e  c o a l  p roduc t ion  
i n  Europe: Most of t h e  miners  a r e  gone.  Table  4 i s  meant 
t o  i l l u s t r a t e  t h a t  development .  The German c o a l  p r o d u c t i o n  
i s  now down from 1 4 1  m i l l i o n  t o n s  ( m e t r i c )  i n  1962 t o  102  m i l l i o n  
t o n s  i n  1972. The p r o d u c t i v i t y  p e r  miner and s h i f t  ha s  
r i s e n  from about  2.4 t o n s  t o  4 t o n s ,  and t h e r e f o r e  t h e  
number of  employees i n  t h e  c o a l  i n d u s t r y  i s  down from 
1134 000 t o  a s  low a  f i g u r e  a s  221  000. The f i g u r e  f o r  
employees a c t u a l l y  engaged i n  mining i s  s t i l l  s m a l l e r .  I t  
has  been e s t i m a t e d  t h a t  i t  w i l l  be v i r t u a l l y  u n f e a s i b l e  t o  
r a i s e  t h e  c o a l  p roduc t ion  t o  more t h a n  t h e  o r i g i n a l  140  m i l l i o n  
t o n s / y r .  If ,  by c o n t r a s t ,  i n  1985 c o a l  p r o d u c t i o n  shou ld  
c o n t i n u e  and, i n  a d d i t i o n  t o  i t ,  s h a l l  s u b s t i t u t e  o i l  a s  a  
pr imary  energy  s o u r c e ,  t h i s  would mean a  c o a l  p r o d u c t i o n  of  
380 m i l l i o n  t o n s  i n  t h e  c a s e  of t h e  F e d e r a l  Republic  o f  Germany 
a l o n e .  330 o u t  o f  t h e s e  380 m i l l i o n  t o n s  would be f o r  t h e  
s u b s t i t u t i o n  o f  o i l  by  s y n t h e t i c  f u e l s ,  w h i l e  only  50  m i l l i o n  
t o n s  would be f o r  genuine  c o a l  consumption.  If t h e  r e l a t i v e l y  
c o a l - r i c h  Germany would have t o  d e l i v e r  c o a l  t o  o t h e r  
European c o u n t r i e s ,  t h e  c o a l  p r o d u c t i o n  r e q u i r e d  would be 
h i g h e r  a c c o r d i n g l y .  This  would soon make i t  n e c e s s a r y  t o  go 
t o  d e p t h s  g r e a t e r  t h a n  1200 m and t h i s  a m p l i f i e s ,  a s  mentioned 
above,  t h e  c o a l  problem, o r  more s p e c i f i c a l l y ,  t h e  l a b o r  
problem r e l a t e d  t o  t h e  c o a l  problem. It can h a r d l y  be over -  
e s t i m a t e d .  The more r e s t r i c t e d  and cumbersome s i t u a t i o n  o f  
c o a l  mining  i n  Europe a t  a  s c a l e  t h a t  cou ld  a l l e v i a t e  t h e  o i l  
supp ly  b a s i c a l l y  d i f f e r s  from t h e  r e s p e c t i v e  s i t u a t i o n  
i n  t h e  U.S., and t h i s  i s  a n o t h e r  very  s i g n i f i c a n t  d i f f e r e n c e  
between t h e  energy  s i t u a t i o n  i n  t h e  U.S. and Europe. 
Undoubtedly t h e r e  i s  a  s t r o n g  i n c e n t i v e  t o  look i n t o  new 
c o a l  mining  t e c h n o l o g i e s ;  i t  remains t o  be s e e n  t o  what 
e x t e n t  t h i s  can  be  s u c c e s s f u l .  
111. The Three Phases of  t h e  Energy Problem 
It has  been i n d i c a t e d  t h a t  t h e  g l o b a l  r e s o u r c e s  of  
f o s s i l  f u e l  a r e  a t  200 Q [2]. With 10" p e o p l e  and 1 0  kW/capita  
t h i s  g i v e s  a  pe r iod  o f  o n l y  66 y e a r s  f o r  t h e s e  r e s o u r c e s  t o  
l a s t .  N a t u r a l l y ,  t h i s  o v e r s i m p l i f i e s ;  r e a l i t y  i s  more complex and 
a c t u a l  f i g u r e s  would be d i f f e r e n t  b u t  i t  i s  p o s s i b l e  t o  draw one 
s i m p l e  c o n c l u s i o n  from t h i s  l i t t l e  a l g e b r a :  I n  a  not  t o o  d i s t a n t  
f u t u r e  we have t o  l i v e  w i t h  an energy  s u p p l y  t h a t  comes from 
n o n - f o s s i l  f u e l  r e s o u r c e s .  
There a r e  f o u r  o p t i o n s  f o r  such  n o n - f o s s i l  energy  
supp ly  [4] : 
1) n u c l e a r  f i s s i o n  i n  t h e  f a s t  b r e e d e r  and o t h e r  
r e a c t o r s ,  
2 )  n u c l e a r  f u s i o n ,  
3 )  s o l a r  power, and 
4 )  h a r v e s t i n g  o f  t h e  h e a t  o f  t h e  e a r t h  c r u s t  
(geo the rma l  i n  t h e  g e n e r a l  s e n s e ) .  
Both t h e  f a s t  b r e e d e r  and t h e  f u s i o n  b r e e d e r ,  which i s  based 
on t h e  (D,T) r e a c t i o n ,  g i v e  e n e r g i e s  t h a t  a r e  s u f f i c i e n t  f o r  
6 
abou t  10  y e a r s  w i t h  no q u a l i t a t i v e  d i f f e r e n c e  between t h e s e  
two o p t i o n s  e x c e p t  t h a t  t h e  f a s t  b r e e d e r  i s  t e c h n i c a l l y  
f e a s i b l e  a l r e a d y  now. T h i s  o b s e r v a t i o n  i s  i n  c o n t r a d i c t i o n  
t o  a w i d e s p r e a d  b e l i e f  and I would l i k e  t o  r e f e r  t o  a n  
a r t i c l e  which e l a b o r a t e s  on t h a t  i s s u e  i n  g r e a t e r  d e t a i l  [5]. 
The o p t i o n s  o f  s o l a r  and  g e o t h e r m a l  e n e r g y  mus t  b e  e x p l o r e d  
more t h o r o u g h l y  s t i l l  b e f o r e  i t  w i l l  b e  p o s s i b l e  t o  make 
a s s e s s m e n t s .  
Keep ing  i n  mind t h e r e f o r e  t h a t  e v e n t u a l l y  t h e r e  c o u l d  
b e  more t h a n  one  o p t i o n  f o r  t h e  l o n g  r a n g e  s u p p l y  i t  i s  now 
n u c l e a r  f i s s i o n  which  s h a l l  be  examined f u r t h e r  s i n c e  it i s  
t h e  o n l y  o p t i o n  a l r e a d y  v i a b l e  t o d a y .  It h a s  b e e n  s a i d  
e a r l i e r  t h a t  n u c l e a r  power was d e v e l o p e d  f o r  t h e  c o m p e t i t i v e  
p r o d u c t i o n  o f  e l e c t r i c i t y  o n l y .  I f  e l e c t r i c i t y  h a s  a s h a r e  
o f  n o t  more t h a n  40-50%, how c a n  n u c l e a r  f i s s i o n  b e  t h e  
s o u r c e  o f  a l l  t h e  p r i m a r y  e n e r g y  demand? The a n s w e r  i s :  
by r e a c t o r s  which p r o v i d e  p r o c e s s  h e a t  a t  h i g h  t e m p e r a t u r e s .  
The i n c e n t i v e  t o  d e v e l o p i n g  s u c h  r e a c t o r s  now comes o u t  t o  b e  
l a r g e r  t h a n  t h e  i n c e n t i v e  t o  d e v e l o p  and o p e r a t e  r e a c t o r s  
f o r  t h e  p r o d u c t i o n  o f  e l e c t r i c i t y .  F o r t u n a t e l y ,  i n  t h e  U.S. 
t h e r e  i s  t h e  High T e m p e r a t u r e  Gas Cooled  R e a c t o r  (H'IGR), 
which  h a s  b e e n  pushed  by t h e  Oak R i d g e  N a t i o n a l  L a b o r a t o r y  
and  G u l f  G e n e r a l  Atomic Company. I n  Germany t h e r e  i s  t h e  
h i g h  t e m p e r a t u r e  p e b b l e  bed r e a c t o r ,  which h a s  been  d e v e l o p e d  
by t h e  K e r n f o r s c h u n g s a n l a g e  J G l i c h  and  Brown B o v e r i  Company 
a t  Mannheim. The most  c o n v i n c i n g  scheme i n  t h e  l o n g  r u n  
f o r  t h e  u s e  of  n u c l e a r  p r o c e s s  h e a t  i s  t h e  s p l i t t i n g  o f  t h e  
w a t e r  molecule  and by t h a t  t h e  t r u l y  l a r g e  s c a l e  u s e  of  
hydrogen a s  a  secondary  f u e l .  Hydrogen would t h e n  complement 
e l e c t r i c i t y  a s  a n o t h e r  s e c o r d a r y  f u e l .  Recen t ly  much 
a t t e n t i o n  has  been pa id  t o  t h i s  long  r ange  o p t i o n  and s o  I 
r e f r a i n  from e l a b o r a t i n g  f u r t h e r  on t h i s  p o i n t  [ 6 ] .  A t  Gulf  
Gene ra l  Atomic [7] and a t  t h e  Kernforschungszent rum Kar l s ruhe ,  
Germany, t h e  i d e a  came up t o  employ t h e  b r e e d i n g  g a i n  of f a s t  
b r e e d e r  r e a c t o r s  f o r  p r o v i d i n g  t h e  neces sa ry  u~~~ f u e l  f o r  
t h e  h i g h  t e m p e r a t u r e  gas  cooled  r e a c t o r s .  I n  such  a  scheme, 
where energy consumption has  l e v e l e d  o f f  and no l o n e e r  
i n c r e a s e s  s i g n i f i c a n t l y ,  a l l  o f  t h e  secondary  e n e r a  i n  t h e  form 
of e l e c t r i c i t y  would be produced by f a s t  b r e e d e r s ,  w h i l e  a l l  of 
t h e  secondary  energy  i n  t h e  form of  hydrogen would be  produced 
by h i g h  t empera tu re  gas  coo led  r e a c t o r s  f u e l e d  by 
t h e  b r e e d i n g  g a i n  of f a s t  b r e e d e r s .  More d e t a i l e d  i n v e s t i -  
g a t i o n s  i n d i c a t e  t h a t  i n  such  a  scheme t h e  r a t i o  between 
secondary  energy  i n  t h e  form o f  hydrogen and secondary  energy  
i n  t h e  form of  e l e c t r i c i t y  f o r  example could  be  a t  3:2,  which 
g e n e r a l l y  f i t s  w i t h  marke t  r e q u i r e m e n t s .  F i g u r e  3  i l l u s t r a t e s  
such  a n  a sympto t i c  i n t e g r a t e d  r e a c t o r  scheme. The only  i n p u t  
t h e r e  i s  u~~~ and ~ h ~ ~ ~ ,  and t h e s e  a r e  abundant  i s o t o p e s .  I n  
a  pape r  by W .  Hafe l e  and W. S c h i k o r r  [ a ] ,  t h e  t r a n s i t i o n  p e r i o d s  
from today  i n t o  such  an  a sympto t i c  scheme a l s o  have ,  i n  a  
f i r s t  round,  been e v a l u a t e d .  A model s o c i e t y  was c o n s i d e r e d  
which today  has  250 m i l l i o n  peop le ,  which grows t o  350 m i l l i o n  
peop le  w i t h i n  40 y e a r s  and which t h e n  remains  c o n s t a n t .  I t  
was f u r t h e r  assumed t h a t  t h e  s h a r e  of pr imary  energy  devoted  
t o  t h e  p roduc t ion  o f  e l e c t r i c i t y  i s  now 25% and w i l l  grow up 
t o  50%.  Nuclear  r e a c t o r s  a r e  i n s t a l l e d  a s  Light  Water 
R e a c t o r s  (LWR) a t  a  r a t e  o f  18 GWe/year a t  f i r s t .  A f t e r  
abou t  18 y e a r s  t h e  y e a r l y  p lu tonium o u t p u t  o f  t h e s e  LWRfs 
i s  l a r g e  enough t o  p rov ide  t h e  p lu tonium f i r s t  c o r e  inven-  
t o r i e s  of  f a s t  b r e e d e r s  (FBR) b u i l t  a t  t h e  same r a t e  o f  
1 8  GWe/year. A s w i t c h  from LWRfs t o  FBRfs a f t e r  t h e s e  
18 y e a r s  has  been assumed t h e r e f o r e .  A t  t h e  same t ime t h e  
i n s t a l l a t i o n  of  HTGR f o r  t h e  p roduc t ion  o f  hydrogen i s  
p o s s i b l e .  18  GWe correspond t o  45 GWth, and due t o  t h e  
c o u p l i n g  of  u~~~ ( p r o d u c t i o n  i n  FBRts and consumptions i n  
HTGR) a  r a t e  of  i n t r o d u c t i o n  of  H!CGRfs o f  45 GWth/year has  
been assumed a c c o r d i n g l y .  The i n s t a l l a t i o n  o f  FBR ' s  and 
HTGR c o n t i n u e s  u n t i l  a l l  o f  t h e  primary energy demand i s  
met and a l l  LWR's a r e  r e p l a c e d  by FBRts.  I t  t h e n  becomes 
obvious  t h a t  u n t i l  t h a t  t ime  f o s s i l  f u e l  and cheap uranium 
f o r  f e e d i n g  t h e  LWR's w i t h  u~~~ a r e  r e q u i r e d  d u r i n g  t h e  
t r a n s i t i o n  p e r i o d .  Note: I n  such  a scheme FBRfs a c t  as a  
f i n a l  was te  box f o r  a l l  t h e  plutonium t h a t  i s  produced by 
t h e  l i m i t e d  g e n e r a t i o n  o f  LWRts; a t  t h e  same t ime FBRts 
produce  t h e  n e c e s s a r y  e l e c t r i c i t y  and t h e  n e c e s s a r y  u~~~ t h a t  
a l l o w s  f o r  t h e  p r o d u c t i o n  o f  hydrogen.  It i s  a  r a d i c a l l y  
d i f f e r e n t  u s e  of  t h e  v i r t u e s  of  f a s t  b r eede r s ;  no d o u b l i n g  
of  any k ind  i s  t a k i n g  p l a c e .  A few o f  t h e  r e s u l t s  o b t a i n e d  
s o  f a r  a r e  g i v e n  i n  Table  5. The most i m p o r t a n t  i s  t h a t  a t  
t h e  c o n s t r u c t i o n  c a p a c i t y  cons ide red  h e r e  i t  t a k e s  60 y e a r s  
t o  m a s t e r  t h e  t r a n s i t i o n  from t o d a y ' s  s i t u a t i o n  i n t o  an  a l l  
n u c l e a r  energy  economy. With s i g n i f i c a n t l y  h i g h e r  c o n s t r u c -  
t i o n  c a p a c i t i e s  t h i s  pe r iod  n a t u r a l l y  would be s m a l l e r .  
3 Q f o s s i l  f u e l  a r e  r e q u i r e d  t o  mas t e r  t h e  t r a n s i t i o n .  The 
model s o c i e t y  cons ide red  h e r e  i s  i n  t h e  v i c i n i t y  o f  European 
c o n d i t i o n s .  The r e q u i r e d  3 Q f o r t u n a t e l y  somehow f i t  w i t h  
t h e  genu ine  European c o a l  r e s e r v e s  a s  i n d i c a t e d  i n  Table 3 .  
The major  conc lus ion  w i t h i n  t h e  c o n s t r a i n t s  o f  t h e  model 
employed h e r e  i s  t h a t  f o r  European c o n d i t i o n s  t h e  envisaged  
new c o a l  e r a  can  l a s t  about  60 y e a r s  o r  s o  i f  a l l  t h i s  c o a l  
i s  t o  be burned .  F u r t h e r ,  t h e  U.S. t o o  i s  i n  t h e  v i c i n i t y  
o f  t h i s  model s o c i e t y .  But h e r  c o a l  r e s e r v e s  a r e  l a r g e r  by 
an o r d e r  of magnitude i f  a l l  U.S. c o a l  i s  t o  be burned w i t h i n  
t h e  U.S. I n  t h e s e  c o n d i t i o n s  t h e  r e l e v a n t  t r a n s i t i o n  p e r i o d  
a c c o r d i n g l y  i s  much l o n g e r .  I t  shou ld  be d i s c u s s e d ,  however, 
whether  a l l  c o a l  of t h e  U.S. shou ld  go i n t o  domes t i c  consump- 
t i o n .  F u r t h e r ,  Table  5 p o i n t s  t o  t h e  r e l a t i v e l y  l a r g e  
consumption of  cheap  uranium d u r i n g  t h e  t r a n s i t i o n  p e r i o d .  
T h e r e f o r e  t h e  supply  o f  cheap uranium cou ld  e a r l i e r  become 
a  concern  t h a n  t h e  supply  o f  c o a l .  More work i s  going  on 
t o  e v a l u a t e  t h i s  scheme i n  g r e a t e r  d e t a i l  [g]. 
Here i t  must be emphasized t h a t  t h e  c o u p l i n g  of  FBR and 
HTGR no t  n e c e s s a r i l y  i s  meant t o  be  t h e  o n l y  scheme o f  
i n t e r e s t .  The p o t e n t i a l  o f  t h e  heavy w a t e r  r e a c t o r ,  t h e  
p o s s i b i l i t y  t o  produce  hydrogen by e l e c t r o l y s i s ,  t h e  o p t i o n  
t o  f u e l  HTGR's w i t h  Pu and many o t h e r s  h a v e  t o  b e  t a k e n  i n t o  
a c c o u n t  i n  s u c h  a n  a p p r o a c h ,  t o o .  The c o n s i d e r a t i o n  e x t e n d e d  
h e r e  i s  p r i m a r i l y  meant  t o  b r i n g  i n  a new g e n e r a l  p o s s i b i l i t y .  
A g a i n s t  t h i s  b a c k g r o u n d  o f  a n  a s y m p t o t i c  p h a s e  f o r  t h e  
p r o v i s i o n  o f  e n e r g y  on a n o n - f o s s i l  b a s i s  it  i s  o b v i o u s  t h a t  
t h e  new u s e s  o f  c o a l  a r e  t h e  c h a r a c t e r i s t i c s  o f  a t r a n s i t i o n  
p e r i o d .  Such  a t r a n s i t i o n  p e r i o d  i n  i t s e l f  r e q u i r e s  m a j o r  
t e c h n o l o g i c a l  p r e p a r a t i o n s  a n d  c h a n g e .  U n t i l  s u c h  t e c h n o -  
l o g i c a l  c h a n g e s  c a n  become e f f e c t i v e  a g a i n  some t i m e  w i l l  
e l a p s e ,  a n d  t h i s  t h e n  c h a r a c t e r i z e s  t h e  n e a r  term p h a s e  o f  
t h e  e n e r g y  p r o b l e m .  T a b l e  6 i d e n t i f i e s  t h e s e  t h r e e  p h a s e s  
o f  t h e  e n e r g y  p r o b l e m .  
T i m i n g  a n d  t h e  e v a l u a t i o n  o f  i t ,  f o r  i n s t a n c e  by s y s t e m s  
a n a l y s i s ,  t h e r e f o r e  come o u t  t o  b e  t h e  p r i n c i p a l  p o i n t s  o f  
a t t e n t i o n  i n  t h e  e n e r g y  p r o b l e m .  One a s p e c t  o f  t h a t  i s  t o  
make t h e  v a r i o u s  r e s e a r c h  a n d  d e v e l o p m e n t  a c t i v i t i e s  com- 
p a t i b l e  w i t h  e a c h  o t h e r  a n d  w i t h  t h e  t i m i n g  o f  t h e  p r o b l e m .  
And t h e  f a i r l y  i m p o r t a n t  d i f f e r e n c e s  b e t w e e n  t h e  E u r o p e a n  
a n d  t h e  U.S. s i t u a t i o n  c a n  b e s t  b e  i d e n t i f i e d  by p o i n t i n g  
t o  t h e  d i f f e r e n t  t i m i n g .  Europe  h a s  much l e s s  time t o  m a s t e r  
t h e  t r a n s i t i o n  i n t o  t h e  a s y m p t o t i c  p h a s e .  
It i s  a g a i n s t  t h i s  b a c k g r o u n d  t h a t  I now t u r n  t o  p r o b l e m s  
o f  s e c o n d a r y  e n e r g y .  
I V .  Secondary Energy 
A s  observed e a r l i e r  75% o f  t h e  pr imary  energy  i n  Europe 
today  i s  devoted t o  n o n - e l e c t r i c a l  pu rposes .  About 55% goes 
i n t o  s t a t i o n a r y  a p p l i c a t i o n s  wh i l e  20% o r  s o  goes i n t o  t r a n s -  
p o r t a t i o n .  I n  Germany i t  was R .  S c h u l t e n  who conce ived  and 
promoted t h e  i d e a  of  t h e  pebb le  bed r e a c t o r  [ lo] .  This  i s  
a  r e a c t o r  where a  random package o f  b a l l s  o f  abou t  5 cm 
d i a m e t e r  make up t h e  c o r e .  The f u e l  e l emen t s  a r e  b a l l s  and 
n o t  r o d s .  With an a p p r o p r i a t e  f u e l  management scheme ( t h e  
OTTO scheme (Once Through - Then g u t ,  [ll] ) t h i s  pebb le  bed 
r e a c t o r  i s  p a r t i c u l a r l y  w e l l  s u i t e d  f o r  h i g h  t e m p e r a t u r e s .  
On Feb rua ry  27, 1974, t h e  J i i l i ch  AVR e x p e r i m e n t a l  r e a c t o r  
f o r  t h e  f i r s t  t ime  reached  an o u t l e t  t e m p e r a t u r e  of  950' C ,  
which a l l o w s  f o r  chemica l  p r o c e s s  h e a t  i n  many a p p l i c a t i o n s .  
R .  S c h u l t e n  and co-workers have now proposed t o  employ such  
n u c l e a r  p roces s  h e a t  f o r  t r a n s f o r m a t i o n  i n t o  chemica l  b ind ing  
ene rgy .  The s p l i t t i n g  of  t h e  wa te r  molecule  i n  t h r e e  o r  
more chemica l  s t a g e s  a s  proposed by C .  M a r c h e t t i  and co-  
workers  1121 i s  only  one, a l b e i t  p romis ing ,  scheme f o r  such 
a  t r a n s f o r m a t i o n  i n t o  chemica l  b i n d i n g  ene rgy .  A more rlear 
t e rm a p p l i c a t i o n  f o r  i n s t a n c e  would be  t h e  a p p l i c a t i o n  of 
n u c l e a r  p r o c e s s  h e a t  t o  t h e  w e l l  known chemica l  r e a c t i o n  
F i g u r e  4  i n d i c a t e s  t h e  p rocedure  f o r  such an  a p p l i c a t i o n .  
Methane w i t h  t h e  a p p r o p r i a t e  amount of  w a t e r  i s  t ransformed 
i n t o  hydrogen and carbon monoxide by n u c l e a r  p r o c e s s  h e a t .  
I n  a h e a t  exchanger  t h e s e  gases  a r e  coo led  o f f  and a s  co ld  
g a s e s  t h e y  can be t r a n s p o r t e d  over  any d i s t a n c e .  On t h e  
consumer s i d e  t h e y  a r e  l e d  t o  r e a c t  and g i v e  away t h e i r  
chemica l  b i n d i n g  energy .  Methane i s  t r a n s p o r t e d  back t o  
t h e  power s t a t i o n .  The chemica l  r e a c t o r  f o r  t h e  p r o d u c t i o n  
o f  hydrogen and carbon monoxide i s  c a l l e d  EVA ( E i n z e l s p a l t -  
r o h r v e r s u c h s ~ n l a g e ) ,  - and i t s  c o u n t e r p a r t  i s  c a l l e d  ADAM, o f  
c o u r s e .  ADAM i s  t h e  bu rne r  of  t h e  gaseous  f u e l  [13]. The 
advantages  o f  t h i s  o r  similar schemes a r e  remarkable :  
1) Proces s  h e a t  can be t r a n s p o r t e d  over  any d i s t a n c e .  
Th i s  a l l ows  c e n t r a l  n u c l e a r  power s t a t i o n s  t o  p lay  
t h e  r o l e  of  a n a t u r a l  ga s  f i e l d  f a r  away from 
a p p l i c a t i o n s .  
2 )  The r e a c t i o n  c y c l e  i s  a  c l o s e d  one (one  may send 
back t h e  w a t e r  i f  s o  d e s i r e d ) .  The i m p l i c a t i o n  i s  
t h a t  t h e  environment  remains  comple te ly  untouched 
by p o l l u t a n t s  o r  by C02 which always r e s u l t s  i f  
c o a l  o r  o t h e r  f o s s i l  f u e l s  a r e  b u r n t  and which may 
a l s o  have a d v e r s e  e f f e c t s  [14 ] .  
3 )  Beside  l o s s e s  no m a t e r i a l  o t h e r  t han  n u c l e a r  f u e l  
i s  consumed. No f o s s i l  f u e l  excep t  f o r  t h e  one 
t ime i n v e n t o r y  o f  t h e  p i p e s  i s  r e q u i r e d .  
4 )  I t  employs technology t h a t  i s  b a s i c a l l y  a v a i l a b l e  
a l r e a d y  now. 
A t  t h e  Kernforschungsanlage  J t l i c h  t h e  demons t r a t i on  
o f  t h a t  scheme ove r  a  d i s t a n c e  of a  few m i l e s  and i n  t h e  
M W  r ange  i s  b e i n g  p repa red .  The consequence ,  o f  c o u r s e ,  
would be t h e  i n s t a l l a t i o n  o f  a  widespread  p i p e l i n e  sys tem 
t h a t  u se s  more t han  one s i n g l e  p i p e  a t  a t ime .  I n  f a c t ,  a  
p i p e l i n e  must c o n t a i n  two subp ipes :  one f o r  hydrogen p l u s  
ca rbon  monoxide and t h e  o t h e r  f o r  methane.  T h i s  i s  somewhat 
i n  p a r a l l e l  w i t h  e l e c t r i c a l  t r a n s m i s s i o n  l i n e s .  I n  bo th  
c a s e s  t h e r e  a r e  two ( o r  more) c o n d u i t s .  Note: e l e c t r i c i t y  
a l s o  l e a v e s  t h e  environment  untouched f o r  t h i s  r e a s o n .  
A s  b e f o r e ,  I do  n o t  mean t o  s a y  t h a t  it  i s  s p e c i f i c a l l y  
t h e  p r o d u c t i o n  of  hydrogen and carbon monoxide which is  t h e  
s o l u t i o n  t o  a l l  problems.  There may be b e t t e r  s u i t e d  
chemica l  r e a c t i o n s .  Again my p o i n t  5 s  t o  i n t r o d u c e  a new 
g e n e r a l  p o s s i b i l i t y .  
I c o n s i d e r  t h e  development of a  scheme l i k e  EVA and ADAM 
and i t s  i n s t a l l a t i o n  t o g e t h e r  w i t h  t h e  i n s t a l l a t i o n  o f  appro-  
p r i a t e  c e n t r a l  power s t a t i o n s  f o r  n u c l e a r  p r o c e s s  h e a t  a s  one 
o f  t h e  main energy  t a s k s  i n  Europe. It s e r v e s  bo th  f o r  t h e  
t r a n s i t i o n  phase  and t h e  a s y m p t o t i c  phase a s  d e s c r i b e d  i n  
Table  6 .  The energy  c o s t s  f o r  t h e  ADAM and EVA scheme a r e  
e s t i m a t e d  t o  be a t  $ 2 / m i l l i o n  BTU f o r  t h e  consumer. Le t  us 
c o n s i d e r  t h i s  a s  b e i n g  i n d i c a t i v e  t o  t h e  r e l e v a n t  r ange  o f  
energy  p r i c e s .  It p a r a l l e l s  an o i l  p r i c e  o f  $ 1 2 / b a r r e l  
( a t  t h e  consumer)  and i s  now somehow i n  l i n e  w i t h  t h e  p r e s e n t  
o i l  marke t .  Aga ins t  t h i s  background i t  i s  i n t e r e s t i n g  t o  
look  a t  t h e  a l r e a d y  e x i s t i n g  p i p e l i n e  sys tem f o r  gases  i n  
Europe. 
F i g u r e  5  g i v e s  a  map o f  t h e  e x i s t i n g  European p i p e l i n e s  
f o r  g a s e s .  It i s  a l r e a d y  a  f a i r l y  t i g h t  sys tem.  On t h e  
b a s i s  of  $400 000 /km f o r  p i p e l i n e s  l a r g e r  t h a n  20" and 
$240 000 /km f o r  p i p e l i n e s  s m a l l e r  t h a n  20" t h e  inves tment  
c o s t s  f o r  t h e  e x i s t i n g  p i p e l i n e  sys tem have been e s t i m a t e d  
t o  be  somewhere a t  $15 b i l l i o n ,  To e s t a b l i s h  a  more 
ex t ended  modern p i p e l i n e  sys tem may c o s t  someth ing  l i k e  
$200 b i l l i o n .  F o r  p u t t i n g  t h i s  f i g u r e  i n t o  p e r s p e c t i v e  i t  
i s  wor thwhi le  t o  c o n s i d e r  t h e  p r e s e n t  worth of  t h e  energy  
t h a t  i s  pu t  through t h a t  modern p i p e l i n e  sys tem.  A t  5  kW/capita  
of h e a t  and 327 m i l l i o n  peop le  w i t h  $2 / m i l l i o n  BTU one a r r i v e s  
a t  t h e  l i n e a r  va lue  o f  $ 1 0 ~ ~  / y e a r  and w i t h  a  d i s c o u n t  r a t e  o f  
15% a t  a p r e s e n t  worth of abou t  $700 b i l l i o n .  I n  view o f  
t h e  g l o b a l  energy c h a l l e n g e  and a p r e s e n t  worth of  $700 
b i l l i o n  an  inves tmen t  of $200 b i l l i o n ,  l a r g e  a s  i t  i s ,  
a p p e a r s  t o  be a c c e p t a b l e .  Th i s  i s  e s p e c i a l l y  s o  because  
i t  s p r e a d s  ove r  a t  l e a s t  1 0  y e a r s .  A t  327 m i l l i o n  peop le  
t h i s  amounts t o  $60 a n n u a l l y  p e r  pe r son  o v e r  a p e r i o d  o f  
1 0  y e a r s .  True, t h i s  i s  no t  t h e  on ly  e x p e n d i t u r e .  The 
c e n t r a l  power p l a n t s  and o t h e r  d e v i c e s  must a l s o  be b u i l t .  
N e v e r t h e l e s s ,  t h i s  f i g u r e  i n d i c a t e s  t h e  o r d e r  o f  magnitude 
t h a t  i s  a t  s t a k e .  I i n t e n t i o n a l l y  r e f r a i n  from e l a b o r a t i n g  
on t h e  q u e s t i o n  as t o  what e x t e n t  a  mere market  mechanism 
s h a l l  b r i n g  t h i s  change abou t  and t o  what e x t e n t  an emergency 
t y p e  v e n t u r e  must be env i saged .  
I f  t h e  above c o n s i d e r a t i o n  d e a l s  w i t h  p r o c e s s  h e a t  f o r  
s t a t i o n a r y  app l i ca t i ons - -wha t  abou t  t r a n s p o r t ?  
I f e e l  t h a t  t h e  answer i s  t o  make use  of c o a l  f o r  syn the -  
s i z i n g  hydrocarbons .  Methanol seems t o  be a  p romis ing  
k  c a l  
avenue [15] . I t s  h e a t  c o n t e n t  i s  170.9  , t h a t  of 
k  c a l  
carbon i s  94 . The r a t i o  between t h e s e  two i s  1.8 ,  
o r  i n  o t h e r  words, t h e  worth o f  carbon can be m u l t i p l i e d  by 
t h e  f a c t o r  o f  1 . 8  i f  t h e  d i f f e r e n c e  i n  chemica l  b i n d i n g  
energy  i s  prov ided  f o r  by a  n o n - f o s s i l  f u e l  s o u r c e .  I r e f e r ,  
o f  c o u r s e ,  t o  n u c l e a r  p r o c e s s  h e a t .  If 20% o f  t h e  pr imary  
energy  demand i s  f o r  t r a n s p o r t a t i o n  t h i s  means i n  e f f e c t  t h a t  
o n l y  20%/1 .8  = 11% have t o  be t a k e n  ove r  by ca rbon  a s  a  s o u r c e  
o f  pr imary ene rgy .  Other  chemica ls  have t o  be c o n s i d e r e d ,  t oo ,  
and i n  p a r t i c u l a r  t h e  p r o d u c t i o n  of  methane.  I n  t h a t  c a s e  
t h e  c o a l  r e s e r v e s  a r e  m u l t i p l i e d  by a  f a c t o r  a s  l a r g e  a s  2.2 
and t h e  lower weight  o f  methane cou ld  make i t  a  f u e l  f e a s i b l e  
f o r  a v i a t i o n  purposes .  One must a l s o  c o n t i n u e  t o  keep hydro- 
gen i n  mind. R .  S c h u l t e n  and o t h e r s  have made t h e  o b s e r v a t i o n  
t h a t  on ly  such  a  reduced  p e r c e n t a g e  of  c o a l  used f o r  t r a n s -  
p o r t a t i o n  pu rposes  s h a l l  be o b t a i n e d  th rough  t h e  b u r n i n g  o f  
c o a l .  T h i s  would be i ndeed  i n  s h a r p  c o n t r a s t  t o  t h e  s i t u a t i o n  
i n  t h e  U.S. where one e n v i s a g e s  t h e  b u r n i n g  o f  a i l  c o a l  
r e s o u r c e s .  Under t h e s e  c i r c u m s t a n c e s  European r e s e r v e s  
would l a s t  f o r  a  p e r i o d  o f  pe rhaps  150  y e a r s .  Here, t o o ,  t h e  
i n t e n t i o n  i s  t o  open up a  g e n e r a l  p o s s i b i l i t y .  
I n  Europe a l l  t h e  components t o  m a s t e r  t h e  energy  problem 
a r e  a v a i l a b l e :  l i g h t  wa te r  r e a c t o r s ,  h i g h  t empera tu re  gas  
c o o l e d  r e a c t o r s ,  t h e  f a s t  b r e e d e r ,  a  l i t t l e  b i t  o f  c o a l  and 
t h e  technology f o r  h a n d l i n g  p r o c e s s  h e a t  a s  chemica l  
b i n d i n g  energy  a s  w e l l  a s  t h e  technology of  p i p e l i n e s  and 
chemica l  e n g i n e e r i n g .  I f  p r o p e r l y  p u t  t o g e t h e r  i t  cou ld  
be a  more o r  l e s s  f i n a l  answer t o  t h e  energy  problem a l r e a d y  
d u r i n g  t h e  t r a n s i t i o n  p e r i o d .  Th i s  s o l u t i o n  t o  a  l a r g e  
e x t e n t  c o u l d  r e e s t a b l i s h  Europe ' s  s e l f - r e l i a n c e  and c o u l d  
a l l e v i a t e  t h e  o i l  s i t u a t i o n .  
V .  Primary Energy Parks 
A l a r g e  and modern p i p e l i n e  sys t em t e n d s  t o  deemphasize 
t h e  q u e s t i o n  o f  s i t i n g  of  l a r g e  power p l a n t s  which p r o v i d e  
chemica l  p r o c e s s  h e a t  f o r  t h e  use  i n  chemica l  r e a c t o r s  such 
a s  EVA. It  was s t a t e d  above t h a t  l a r g e  c e n t r a l  power p l a n t s  
could  assume t h e  f u n c t i o n  o f  n a t u r a l  ga s  f i e l d s .  Th i s  i n d u c e s  
t h e  i d e a  a l s o  t o  look  a t  e l e c t r i c i t y  and t o  s e e  whether  t h e r e  
i s  t h e  p o s s i b i l i t y  o f  c e n t r a l i z i n g  l a r g e  power p l a n t s .  Such 
a  s t e p  would r e q u i r e  an  e x t e n s i o n  o f  t h e  e l e c t r i c a l  g r i d .  The 
e x i s t i n g  European g r i d  i s  a l r e a d y  very  ex tended  and s t r o n g l y  
i n t e r c o n n e c t e d .  But one has  t o  r e a l i z e  t h a t  t h e  weighted  
a v e r a g e  d i s t a n c e  f o r  t h e  t r a n s p o r t  of e l e c t r i c  power i n  
Germany i s  as low a s  100 km. The e x i s t i n g  h i g h  v o l t a g e  l i n e s  
s e r v e  t o  r e d u c e  s t a n d b y s  and t h e  h a n d l i n g  o f  peak l o a d s .  A t  
380 kV t h e y  can  t r a n s m i t  about  5 GW ove r  d i s t a n c e s  of  500 km. 
An e x t e n s i o n  o f  technology i n t o  t h e  domain of  10-50 GW t h e r e f o r e  
i s  r e q u i r e d .  U l t r a  h igh  v o l t a g e  d i r e c t  c u r r e n t  l i n e s  o r  
supe r - conduc t ive  c a b l e s  [16] probably  can do  t h e  job .  I n  
s o  do ing  t h e  c o n s i s t e n c y  w i t h  g a s e s  a s  t h e  o t h e r  form of  
secondary  energy  must be k e p t  i n  mind and t h e  e n t i r e  i n f r a -  
s t r u c t u r e  must be op t imized  a c c o r d i n g l y .  
Such a  modern j n f r a s t r u c t u r e  f o r  t h e  h a n d l i n g  o f  
secondary  ene rgy ,  g a s e s  and e l e c t r i c i t y ,  t h e n  i n d e e d  t e n d s  
t o  deemphasize t h e  q u e s t i o n  of  s i t i n g  l a r g e  power p l a n t s .  
T h i s  could  be impor t an t  i n  t h e  l ong  r u n .  Let  us  c o n s i d e r  
f o r  i n s t a n c e  t h e  c o o l i n g  w a t e r  r equ i r emen t s  f o r  t h e  p r o d u c t i o n  
( c o n v e r s i o n )  of  pr imary  ene rgy .  I f  e l e c t r i c i t y  assumes 50% 
of  t h e  pr imary  ene rgy  p r o d u c t i o n  and has  a  t he rma l  e f f i c i e n c y  
o f  0.4 w h i l e  t h e  o t h e r  50% o f  t h e  pr imary  energy  p r o d u c t i o n  
a r e  f o r  t h e  p r o d u c t i o n  o f  chemica l  p r o c e s s  h e a t  a t  a t h e r m a l  
e f f i c i e n c y  o f  0 . 6 ,  t h e n  o u t  o f  1 0  kW/capi ta  a s  much a s  
5  kW/capi ta  a r e  was te  h e a t  a t  t h e  s i t e s  where t h e  secondary  
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e n e r g i e s  a r e  t o  be produced.  With 3.27 1 0  Europeans t h i s  
l e a d s  t o  a  t o t a l  o f  1 . 6  1012 W o f  was te  h e a t  a t  t h e  s i t e  o f  
t h e  power p l a n t s .  Wet c o o l i n g  towers  a l l ow  d i s s i p a t i o n  of 
9 3  3  1 0  W p e r  m / s e c  o f  w a t e r .  1 . 6  1012 W t h e r e f o r e  
r e q u i r e  1 . 6  * 10" m3/year  i f  t h a t  was t e  h e a t  i s  t o  be 
d i s s i p a t e d  i n  wet c o o l i n g  tower s .  The r a i n f a l l  i n  c e n t r a l  
3  2  Europe i s  a t  0 . 8  m/year  t h u s  g i v i n g  0 . 8  m / y e a r  m . 
T h e r e f o r e  2  1 0  m2 a r e  r e q u i r e d  i f  all o f  t h e  r e l a t e d  
r a i n f a l l  would be  g iven  t o  wet c o o l i n g  tower s .  I f  more 
r e a l i s t i c a l l y  on ly  10% o f  a l l  t h e  r a i n f a l l ,  and t h a t  means 
20% o f  a l l  r u n o f f s  i n  r i v e r s ,  c r e e k s ,  e t c . ,  would be g iven  
t o  wet c o o l i n g  towers  t h e n  an  a r e a  of  500 km x 500 km would 
be r e q u i r e d  w i t h i n  which such  c o l l e c t i o n  o f  wa te r  had t o  
t a k e  p l a c e .  This  l i t t l e  a l g e b r a ,  c r u d e  a s  i t  i s ,  p o i n t s  t o  
t h e  s e v e r e  problem of  i n t e r f a c e s  between ene rgy ,  w a t e r ,  t h e  
c l i m a t e  and land  use .  This  i s  a  s u b j e c t  i n  i t s  own r i g h t  
and cannot  be covered  i n  t h i s  a r t i c l e .  I t  l e a d s  t o  t h e  
r e c o g n i t i o n  o f  t h e  f a c t  t h a t  n o t  on ly  t h e  p roduc t ion  o f  
energy  i s  a  problem b u t  s t e a d i l y  more s o  it i s  a l s o  t h e  
embedding o f  energy i n  t h e  atmosphere,  t h e  hyd rosphe re ,  t h e  
ecosphe re  and t h e  s o c i o s p h e r e  which has  t o  be cons ide red  [4, 
17 1 .  I s t r o n g l y  f e e l  t h a t  such embedding w i l l  be t h e  
p r i n c i p a l  d r i v i n g  f o r c e  f o r  t h e  energy  technology of  t h e  
a s y m p t o t i c  phase  [18]. 
A t  p r e s e n t  i t  a p p e a r s  t h a t  t h e  concept  of  having  l a r g e  
pr imary  energy  p a r k s  i n  t h e  open s e a  c o u l d  l a r g e l y  s o l v e  
t h e s e  problems of adequa te  energy  embedding. The h a n d l i n g  
of was t e  h e a t  i n  t h e  open s e a  seems t o  be much l e s s  d r a m a t i c  
t h a n  on t h e  c o n t i n e n t s .  I n  c a s e  of  n u c l e a r  power such  
pr imary  ene rgy  pa rks  should  be l a r g e  enough t o  embrace t h e i r  
own f u e l  c y c l e  f a c i l i t i e s  a s  proposed by A.M.  Weinberg and 
R.P .  Hammond [19] . Many o f  t h e  concerns  about  n u c l e a r  power 
c o u l d  be ea sed  i n  t h i s  way. I f  i n  t h e  l ong  run  s o l a r  power 
comes o u t  t o  be a  f e a s i b l e  s o l u t i o n  it w i l l ,  i n  any e v e n t ,  
r e q u i r e  l a r g e  a r e a s  f o r  t h e  h a r v e s t i n g  o f  s o l a r  energy .  I 
2  f e e l  t h a t  n o t  more t h a n  20 W/m c a n  be expec t ed .  I f  a l l  o f  
t h e  p r i m a r y  e n e r g y  demand o f  Europe  s h a l l  be p r o v i d e d  by 
s o l a r  power t h i s  would t h e n  r e q u i r e  a n  a r e a  o f  400 km x 400 km. 
Such a l a r g e  a r e a  would b e s t  b e  found i n  t h e  open s e a .  T h i s  
o f  c o u r s e  i m m e d i a t e l y  l e a d s  t o  p r o b l e m s  o f  t h e  law o f  t h e  
s e a s  b u t  i t  i s  c o n s i s t e n t  w i t h  t h e  i d e a  t o  h a v e  l a r g e  p r i m a r y  
e n e r g y  p a r k s  i n  t h e  open s e a .  
The p o i n t  i s  t h i s :  I f  Europe  d e v e l o p s  a modern s e c o n d a r y  
e n e r g y  s y s t e m  i t  d e e m p h a s i z e s  n o t  o n l y  t h e  p a i n f u l  p r o b l e m  
o f  s i t i n g  power p l a n t s  b u t  a l s o  t h e  p r o b l e m  o f  d e c i d i n g  e a r l y  
wha t  k i n d  o f  p r o c e s s  f o r  t h e  c o n v e r s i o n  o f  p r i m a r y  e n e r g y  
i n t o  s e c o n d a r y  e n e r g y  s h o u l d  e v e n t u a l l y  b e  employed.  I f e e l  
t h a t  n u c l e a r  f i s s i o n  and i n  p a r t i c u l a r  t h e  c o m b i n a t i o n  o f  FBR 
and HTGR w i l l  c o n t i n u e  t o  p l a y  a d o m i n a n t  r o l e .  But  i f  o t h e r  
o p t i o n s  come o u t  t o  b e  b e t t e r  l e t  us  employ them i n  p r i m a r y  
e n e r g y  p a r k s .  The c o n t i n e n t s  would r e m a i n  u n a f f e c t e d .  
Remarkab ly  enough,  a l r e a d y  t o d a y  s u c h  p r i m a r y  e n e r g y  p a r k s  
a r e  u n d e r  deve lopment  i n  Europe .  I n  F i g u r e  5 t h e  p i p e l i n e s  
a r e  shown which  c o n n e c t  t h e  c o n t i n e n t  w i t h  f l o a t i n g  p l a t f o r m s  
above t h e  new ( a l b e i t  i n  t h e  l o n g  r u n  l i m i t e d )  g a s  f i e l d s  o f  
t h e  N o r t h  S e a .  T h i s  s u g g e s t s  a l a t e r  t r a n s f o r m a t i o n  o f  s u c h  
p l a t  fo rms  i n t o  e n e r g y  p a r k s .  
V I .  C o n c l u d i n g  Remarks 
I n  c o n c l u s i o n ,  I f e e l  t h a t  t h e  e n e r g y  c h a l l e n g e ,  t o u g h  
as i t  i s ,  d o e s  n o t  p o s e  u n s u r m o u n t a b l e  t e c h n o l o g i c a l  p r o b l e m s  
e v e n  i n  E u r o p e .  A t  l e a s t  i n  p r i n c i p l e ,  t h e  n e c e s s a r y  t e c h n o l o g y  
i s  l a r g e l y  t h e r e  a l r e a d y .  T h i s  a r t i c l e  i s  meant t o  
make t h a t  s t a t e m e n t  p l a u s i b l e .  It is  n o t  t h e  i n t e n t i o n  t o  
i n s i s t  on c e r t a i n  i d e a s .  It i s  i m p o r t a n t ,  however ,  t o  have  
a  c o n s i s t e n t  a p p r o a c h  and t h i s  means t o  obey t h e  t i m i n g  of 
t h e  p rob lem.  T h e r e f o r e  t h e  most  i m p o r t a n t  a s p e c t  d u r i n g  t h e  
t r a n s i t i o n  p h a s e  p r o b a b l y  i s  t h e  b u i l d u p  o f  a  modern s e c o n d a r y  
e n e r g y  s y s t e m .  I n  t h e  l o n g  r u n  i t  w i l l  be  e n e r g y  embedding 
and n o t  t h e  p r o d u c t i o n  o f  e n e r g y  which w i l l  be t h e  p r i n c i p a l  
d r i v i n g  f o r c e  f o r  t h e  deve lopment ,  as a t  l e a s t  i n  p r i n c i p l e  
t h e r e  i s  more t h a n  one  o p t i o n  t o  p r o v i d e  a l m o s t  u n l i m i t e d  
amounts  of  e n e r g y .  I n  o r d e r  t o  mee t  t h e  demand f o r  a n  
a p p r o p r i a t e  embedding o f  e n e r g y ,  t h e  c o n c e p t  o f  p r i m a r y  e n e r g y  
p a r k s  i n  t h e  open s e a  seems t o  be most p r o m i s i n g .  
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Table  1. Annual demand f o r  pr imary energy  
f o r  t h e  F e d e r a l  Republ ic  o f  
Germany 
% of  t o t a l  % of t o t a l  % o f  t o t a l  
o i l  11 .0  47.7 55.4 
Coal 69.9 36.2 23.6 
L i g n i t e  1 4 . 8  10.2 8.7 
Gas 0 . 3  2 . 1  8.6  
Nuclear  - 0.2  0 . 9  
O the r s  4 . 0  3.6 2.8 
T o t a l  % 100 .0  100 .0  100.0 
cQ/y r .  0.0054 0.0074 0 .  0099 
1Q ! 1018 BTU 2 2,93 . 1014 kwh 2.52 k c a l  
2 3.6625 ' lo1' m e t r i c  t o  c o a l  eq .  (mtce )  
Source :  Das Energieprogramm d e r  Bundesregierung.  Report  
o f  t h e  Bundesminis te r ium f u r  W i r t s c h a f t ,  F e d e r a l  
Republ ic  of  Germany, Bonn, 1973. 
T a b l e  2. Consumption o f  e n e r g y  p e r  c a p i t a  
i n  Europe and t h e  U.S. 
( i n  kW/cap) 
Belgium 
F r a n c e  
F. R .  Germany 
I t a l y  
N e t h e r l a n d s  
Average  i n  t h e  
European  Community 
o f  t h e  S i x  
U.S.A. 
& r o p e a n  Communit ies  
S o u r c e :  P r o s p e c t s  o f  P r i m a r y  Energy Demand i n  t h e  
Community (1975-1980-1985) ,  Commission f o r  
t h e  European  Communit ies  ( 7 2 . 1 0 . 0 4 ) .  
(The d a t e s  o f  U . K .  f i t  i n t o  t h e  h e r e  e x t e n d e d  p a t t e r n  o f  
e n e r g y  c o n s u m p t i o n )  
Table  3 .  Coal ,  l i g n i t e ,  and  o i l  r e s e r v e s  i n  
Western Europe and U.S., and p e r i o d s  
f o r  t h e s e  r e s e r v e s  t o  l a s t  
P. R .  Western U.S. 
Germany Europe 
Coal and L i g n i t e  
Reserves  (Q) 2.92 3.50 1) 36.69 
( + 4 . 3 7 )  l )  ( + 4 . 3 7 )  
O i l  and Nat.  
Gas Reserves  ( Q )  0.017 0.214 0 . 4 6 9 ~ )  
Annual Consump- 
tion fo r  lOkW/cap i Q / y r )  0.018 
P e r , o d  of  t ime, i f  
Coal  ( y r )  160 36 602 
(+238) ( + 4 4  
O i l  and 
N a t u r a l  Gas ( y r )  0 . 9  2.2 7 .7  
i s  used 
e x c l u s i v e l y  3  
1Q: 10'' BTU f 2,gj.101' kUh 4 2.52. 1017k  c a l  % 3.6625. 
m e t r i c  t o  c o a l  eq .  (mtce )  
1) Reserves  i n  d e p t h s  below 1200m, t h e  use  o f  which 
today  i s  not  f e a s t b l e  economica l ly  and  s o c i o l o g i -  
c a l l y .  
2 )  T a r  s a n d s  and s h a l e  o i l  n o t  i n c l u d e d .  
3 )  No p o p u l a t i o n  growth assumed. 
Source :  F i g u r e s  d e r i v e d  from d a t a  o f  t h e  S t a t i s t i c a l  Year- 
book o f  t h e  Uni ted  Na t ions ,  New York, 1973. 
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Table 5.  T r a n s i t i o n  i n t o  an a l l  n u c l e a r  
energy  supply  f o r  a  model s o c i e t y  
Reac to r  c o n s t r u c t i o n  c a p a c i t y  
and i n  a d d i t i o n  
a f t e r  18  y e a r s  
Length o f  t r a n s i t i o n  p e r i o d ,  
i . e .  t ime u n t i l  t o t a l  r e l i a n c e  
on n u c l e a r  energy  i s  ach ieved  
T o t a l  energy  consumption 
d u r i n g  t r a n s i t i o n  p e r i o d  
Amount o f  f o s s i l  f u e l  r e q u i r e d  
d u r i n g  t r a n s i t i o n  p e r i o d  
Amount o f  cheap n a t u r a l  
uranium r e q u i r e d  d u r i n g  
t r a n s i t i o n  p e r i o d  
1 8  GWe / y e a r  
(LWR o r  FBR f o r  e l e c t r i c i t y  
g e n e r a t i o n )  
(HTGR f o r  p r o c e s s  h e a t  
g e n e r a t i o n )  
~ 6 0  y e a r s  
6  
x 3.10 t m s  
6  Assumption: Model s o c i e t y  w i th  250.10 peop le  a t  t = 0  and 
6  360.10 peop le  a t  t = 40 y e a r s  and 10kW / c a p .  i n  
t h e  a s y m p t o t i c  s t a t e  ( s e e  t e x t ) .  
IQ : 1018 BTU 2.93. 1014 KWh 2 2 . 5 2 -  k  c a l  2 3.6625. lo1' 
m e t r i c  t o  c o a l  eq. ( m t c e ) .  
Table 6. The three phases of the energy problem 
Characteristics 
Asymptotic Phase Based on either nuclear fission, 
fusion, solar, geothermal power 
or a combination thereof. 
Transition Phase Based on the substitution of oil 
by coal and on nuclear energy for 
the production of electricity. 
Near Term Phase Characterized by the administra- 
tion of fuel shortages and the 
preparations for the transition 
phase. 
2050 in Europe 
from to for ever? 
2200 in the U.S. ( ? ? )  
I 
w 
w 
2050 in Europe I 
from 1985 to 
2200 in the U.S.(??) 
from 1973 to 1990 
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